Abstract N-Alkyltheobromine (1-9) derivatives were obtained by reacting theobromine with appropriate alkyl halide under microwave irradiation at 100-150 W and by conventional synthesis. Formation of by-products of oxygen atom alkylation and 1-N-alkyltheobromine ring opening were considered. The presented compounds 1-5 have been studied as ion carriers in ion-selective membrane electrodes. Selectivity of these membranes was studied towards various anions in addition to transition and heavy metal cations.
Introduction
Methylxanthines are pharmacologically and biologically active compounds, which are commonly used as mild stimulants, bronchodilators and adenosine receptor antagonist [1] . One of the N-alkyltheobromines derivatives, which is clinically useful for the treatment of peripheral vascular disease, cerebrovascular disease and a number of other illnesses involving a defective regional microcirculation is pentoxifylline [2] . This active hemorheological agent inhibits the synthesis of tumor necrosis factor-a [3] and this effect has been attributed to inhibition of cyclic AMP phosphodiesterase [4] . The most general method of synthesis 1-substituted theobromine is based on cyclization reaction of imidazole or 6-aminouracil derivatives [5] . Alternative approaches to the previous method is two-step cyclocondensation of 4-amino-5-alkoxycarbonyl-imidazoles with isocyanates or treatment theobromine with an excess of alkyl halide, sometimes under pressure, at temperature of 80-100°C [6] [7] [8] [9] [10] [11] . Preliminary studies have shown that similar derivatives could be obtained by using microwave irradiation [12, 13] . According to present knowledge this method is high yield and less time consuming. It is often used for multi-step synthesis, drug production and whenever easy purification is highly recommended. The aim of this work was preparation of N-alkyltheobromines and presentation of their properties in ion-selective membrane electrodes (Fig. 1 ). There are only few papers dealing with this subject. The behavior of these compounds as ionophores in ion-selective membrane electrodes has received no attention yet in the literature.
Results and discussion

Synthesis
Theobromine molecule has two potential sites for N-alkylation showing different acidities of the N-H bond. Under alkaline conditions alkylation of theobromine proceeds in N 1 position, because the nucleophilicity of N 9 is much lower than the former. The electrophilic attack on the N 9 position proceeds under special condition. Theobromine, like other purines exist in two tautomeric forms (Fig. 2) .
Ketone form dominates under the equilibrium. At the presence of sodium or sodium/potassium hydroxide the equilibrium is shifted and O-alkylation is possible. Under basic conditions, another reaction is opening of uracil ring (Scheme 1).
In the light of the above properties we decided to test influence of factors such as, solvent, temperature, time, microwave irradiation and presence of phase transfer catalyst on selectivity of 1-N substitution. Reaction rate and side product formation was monitored by thin layer chromatography (TLC).
Synthesis of pentoxifylline in reaction of theobromine with 6-chlorohexanone was chosen as a research model. In all reaction 2.5 mmol of theobromine and 2.5 mmol of 6-chlorohexanone were used. Solvents volume was 5 mL, quantity of base and phase transfer catalyst was 5 and 0.25 mmol, respectively. The crude product was obtained by solvent evaporation under reduced pressure, extraction with petroleum ether (unreacted electrophilic reagent removal) and methylene chloride, filtration of inorganic salts, theobromine and insoluble impurities, and solvent evaporation from the filtrate.
First five common industrial solvents possessing different properties were examined (Fig. 3) . The mixture of theobromine and 6-chlorohexanone and appropriate solvent was stirred for 8 h under reflux in case of alcohols and at 100°C if DMF and DMSO were used.
The best yield was achieved using DMF as solvent. Reactions in methanol, ethanol and propan-2-ol gave very low yield. We assumed that the reason was relatively low boiling point of alcohols and highly insufficient solubility of theobromine. The reaction in DMSO required longer time and gave a lot of by-products. Furthermore, solvent free conditions were applied. Reaction was carried out in an excess of alkyl halide at 100°C for 5 and 12 h. After 5 h of reaction only small progress was observed. After 12 h 4 Br, and NBut 4 I). The mixture of theobromine, 6-chlorohexanone and phase transfer catalyst in DMF was stirred at 100°C for 8 h. The highest yield of crude product was obtained when tetrabutylammonium iodide was applied (see Fig. 4) .
Usually, alkylation of nitrogen atom requires presence of appropriate base, which allows formation of ionic intermediates, which is involved in catalytic phase transfer reaction in solid-liquid system. In experiments anhydrous potassium carbonate, sodium carbonate, lithium carbonate and potassium bicarbonate were tested. The highest yield was obtained in case of potassium bicarbonate (Fig. 5) . Use of stronger bases such as potassium hydroxide increases formation of by-products.
To investigate influence of temperature, the reaction was carried out in a 60-140°C range of temperature (Fig. 6 ). The yield of desired product was insufficient at temperature of 60-90°C. At 120-140°C the reaction rate was satisfactory, but the product was strongly contaminated. Considering reaction chart (Fig. 6 ) the optimal temperature 100-110°C was assumed to be favorable.
We noticed that formation of impurities is time dependent. The optimal time was 8 h. Increasing the time of reaction caused sufficient increase of by-products concentration, especially detectable under UV (k = 365 nm). Moreover, the reaction mixture is darkening with time and isolation of the desired product becomes more complicated (Fig. 7) .
We found that xanthine's ring degradation is fast in presence of strong base (KOH). Under mild conditions (K 2 CO 3 ) higher temperature and longer time of reaction is required. Figure 8 exemplifies the 1 H NMR of pentoxifylline and its degradation product.
Alkylation of oxygen atom was observed when strong base (KOH) was used. Therefore only isomer with alkylated oxygen atom in two position was isolated by column chromatography. In case of potassium carbonate the mixture of two isomers was obtained, but the yield was very poor. Figure 9 shows alkylation products of enol form of theobromine with 6-chlorohexanone. The main compound was 3,7-dihydro-2-(5-oxohexyloxy)-3,7-dimethyl-6H-purine-6-one. The isomer ratio is roughly 2:1. A mixture of: theobromine, appropriate alkylating reagent, K 2 CO 3 , [CH 3 (CH 2 ) 3 ] 4 NI in dry DMF was stirred for 8 h at temperature 100°C in next experiments. Then solvent was evaporated under reduced pressure. The residue was extracted with petroleum ether to remove remaining hydrocarbon halide, then with methylene chloride to separate the product from inorganic salts, theobromine and insoluble impurities. The crude product and its discussed impurities obtained after solvent evaporation were separated by column chromatography (Table 1) .
Syntheses on microwave irradiation are very popular, recently. Microwave-assisted organic synthesis has several advantages over conventional reactions in that the microwave allows for an increase in reaction rate, rapid reaction optimization, and rapid analogue synthesis. It also uses both less energy and solvent, and it enables difficult compound synthesis. Therefore, in next experiments microwave reactor was used. The applied device reactor has maximum delivered power of 1,000 W. It has built in magnetic stirrer, and power and temperature control units. The mixture described above was irradiated for 20, 30 or 60 min at 10-15% of microwave power (Scheme 2). The yield of the products ranged from 83 to 99%. Moreover, all obtained compounds were extremely pure. Discussed impurities have not been noticed. Results of our experiments are presented in Table 2 .
Membrane electrode
In general, all membranes for ion response contained 1 wt% ionophore (1-5), 30-33 wt% polyvinyl chloride (PVC), 66-67 wt% 2-nitrophenyl octyl ether (o-NPOE) and 0.1 wt% of potassium tetrakis(4-chlorophenyl) borate (KTpClPB). The membrane components, total 100 mg, were dissolved in 1 mL of freshly distilled THF. The solution (170.5 lL) was applied onto graphite screenprinted electrodes and the electrodes were left to dry over 24 h. Next after evaporation of the solvent overnight the electrodes were conditioned in deionized water for 10 h. A double-junction Ag/AgCl, KCl 1 M reference electrode (Monokrystaly RAE 112) was used with 1 M NH 4 NO 3 solution in the bridge cell. The measurements were carried out at 20°C, using the following cell: Ag/AgCl/internal electrolyte/ion-selective membrane/sample/1 M NH 4 NO 3 / 1 M KCl/AgCl/Ag and 16-channel LAWSON LAB potentiometer.
Potentiometric selectivity coefficients were determined by the separate solution method (SSM), according to a procedure established by Bakker [14] . Selectivity coefficients were calculated according to equation below, by using the EMF values for the highest measured ion activities that belongs to the linear response range for a given Table 3 and Fig. 10 . Column 6 represents the selectivity for electrodes with PVC/o-NPOE based membranes without ionophore (blank electrode) and containing the cation exchanger. The results show that the Pb(II), Co(II) and Zn(II) belongs to ions most discriminated by the studied N-alkyltheobromines. Membrane doped with compound 5 shows better affinity towards Pb(II), Cd(II) and Zn(II) than electrode with compound 4. That might be caused by the further aromatic ring which contributes the highest values of selectivity coefficients for Ag(I) and Hg(I): log K Cu,J = 4.881 and log K Cu,J = 4.829, respectively. Moreover, it can be seen from Fig. 10 that the incorporation of longer carbon chain (18 carbon) induce selectivities slight different from the selectivity based on compound 2 with eight carbon chain. Membranes doped with the compound 2 show higher affinity towards Zn(II) (log K Cu,J = 3.063) and Ni(II) (log K Cu,J = 2.676), whereas membranes with compound 3 are more selective towards Cd(II) (log K Cu,J = 2.50).
In the preliminary experiments we investigate the potentiometric response towards various anions, such as: bromide, iodide, fluoride and acetate. Before measurements electrodes were conditioned in Cu(NO 3 ) 2 0.01 M solution for 10 h. The selectivity pattern of an electrode based on the N-alkyltheobromines is presented in Fig. 11 . Electrodes based on 1, 3, 4 responded with nearly theoretical slopes (-52 to -60 mV/dec) for iodide ion.
Conclusions
In conclusion, alkylation of theobromine with appropriate alkyl halide under microwave irradiation have been performed. The microwave-assisted process comparing to conventional heating, gives the higher yields in much shorter time without by-products such as oxygen atom alkylation and 1-N-alkyltheobromine ring opening. This method confirms that microwave irradiation allow products synthesis with potential medical application in easy way 
Experimental section
All materials and solvents used for syntheses were of analytical reagent grade. TLC were performed on aluminium plates covered with Silica gel 60 F 254 (Merck). 1 H NMR spectra, all in CDCl 3 , were taken on Varian instruments at 200 and 500 MHz. IR and mass spectra were recorded on AMD-604 and Genesis II (Mattson) apparatus, respectively. Mass spectra were determined with AMD 604 instrument. Elemental analyses were obtained on EAGER 200 apparatus. The melting points were uncorrected. The microwave-assisted reactions were performed in microwave reactor, Plazmatronika (RM 800). The microwave has a power supply-230 V ± 10%/50 Hz with a maximum delivered power of 1,000 W. High molecular weight PVC, KTpClPB, NPOE and tetrahydrofuran were purchased from Fluka. The screen-printed graphite electrodes used were obtained from Institute of Electronic Materials Technology, Warsaw (plates of 18-15 mm with six electrodes, openings area ca. 1 mm 2 ). All aqueous solution were prepared from salts of p.a. purity using deionized water. All measurements were performed at room temperatures.
Syntheses
Conventional synthesis-general procedure
A mixture of theobromine (0.45 g, 2.5 mmol), alkyl halide (2.5 mmol), potassium carbonate (0.69 g, 5 mmol), tetrabutylammonium iodide (10 mmol%) and dimethylformamide (5 mL) was stirred for 8 h in 100°C. Then the DMF excess was removed on a rotary evaporator. The residue was extracted with petroleum ether (20 mL) to remove remained electrophilic reagent and next the product was extracted with CH 2 Cl 2 (20 mL). The undissolved material was filtered off. The filtrate was concentrated under reduced pressure and purified by column chromatography on silica gel.
Microwave-assisted synthesis-general procedure
A mixture of theobromine (0.45 g, 2.5 mmol), alkyl halide (2.5 mmol), potassium carbonate (0.69 g, 5 mmol), tetrabutylammonium iodide (10 mmol%) and dimethylformamide (5 mL) was carried out in a Microwave reactor. The reaction mixtures were irradiated under temperatures and microwave power reported in Table 2 . The reaction progress was monitored by TLC. After reaction the solvent was removed on a rotary evaporator. The solid residue was extracted with petroleum ether (20 mL) to remove remained electrophilic reagent and then the product was extracted with CH 2 Cl 2 (20 mL). The solvent was removed under reduced pressure and the crude product was purified by recrystallization using a suitable solvent. 
